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Description 

The present Invention re fates to a diaphragm for 
a diaphragm-actuated fluid-transfer control device. It 
further relates to a diaphragm-actuated fluid-transfer 
control device using such a diaphragm. 

While diaphragm-actuated devices for instance, 
diaphragm pumps, are known, they suffer from sev- 
eral disadvantages, the foremost of which is the need 
for inlet and outlet valves which sooner or later are 
always causes of trouble. Another drawback of con- 
ventional diaphragm pumps is the inevitable presence 
of D dead° volume which is liable to interfere with 
smooth operation and In any case prevents accurate 
determination and control of output, an important par- 
ameter in dosage and other medical applications. 
Also, conventional diaphragm devices cannot be 
used as proportioning valves by means of which two 
different fluids — say, hot and cold water — can be 
mixed at a predetermlnable ratio. 

A diaphragm for a valve-less diaphragm-actuated 
pump which has no "dead" volume is known from US- 
A-4,498,850. The bi-stable diaphragm of this pump is 
made of an elastomer with ferromagnetic additives 
that make it permanently magnetizable and is moun- 
ted in a split housing which also accommodates a 
complex system of electromagnets adapted to gener- 
ate, in a predeterminable sequence, a plurality of 
magnetic fields of changing polarities and intensities 
that, by producing cycles of dynamic diaphragm def- 
lections, cause fluids to be moved from an inlet portion 
of the pump to an outlet portion thereof. 

This pump is, however, very expensive, being as 
it is a highly complex piece of electromechanical 
engineering requiring a large number of electromag- 
nets to be embedded in the split housing, with their 
poles in close proximity to the concave walls of the 
housing halves, as well as sophisticated electronic 
circuitry to control the magnetic fields, varying in time 
and space, which have to be generated by the elec- 
tromagnets in order to manipulate the magnetically 
polarized diaphragm. 

It is one of the objects of the present invention to 
overcome the disadvantages and drawbacks of prior- 
art diaphragm-actuated devices such as pumps, val- 
ves, etc., and to provide a diaphragm which enables 
diaphragm-actuated devices to function without inlet 
and outlet valves, to have no °dead° volume and to be 
accurately controllable as to flow rates. It also permits 
the uses of diaphragm-actuated devices for purposes 
not usually associated with diaphragms, such as pro- 
portioning valves, flowmeters, etc. 

It Is a further object of the invention to provide a 
diaphragm that is easily produced at relatively low 
cost and that, mounted in an uncomplicated housing, 
is mechanically actuatable to carry out a great variety 
of fluid-transfer and control operations. 

This the invention achieves by providing a diap- 



hragm for a diaphragm-actuated fluid-transfer control 
device, comprising a flexible, substantially non- 
stretchable diaphragm body of a substantially circular 
outline surrounded and delimited by a beaded rim, 

5 said body having a substantially dish-Hke, bi-stable 
shape invertible from the first stable state in which a 
first body surface is convex and a second body sur- 
face concave, to the second stable state, in which said 
first body surface is rendered concave and said see- 
to ond body surface, convex, characterized in that at 
least one substantially rigid, elongated arm is fixedly 
embedded in said diaphragm to a depth exceeding 
the radial width of said beaded rim, the free end of 
which arm projects beyond said beaded rim. 

16 The invention further provides a diaphragm-ac- 

tuated fluid transfer control device, comprising a split 
housing, each housing half comprising a concave 
central portion delimited by a substantially circular 
groove, and a substantially plane, marginal portion 

20 constituting the plane along which said housing is 
split, at least one inlet and one outlet port means 
opening into the concave portion of at least one of said 
housing halves and leading via tube connectors to the 
outside of said device, a diaphragm comprised of a 

25 flexible, substantially non-stretchable diaphragm 
body of a substantially circular outline surrounded and 
delimited by a beaded rim, which rim, in the assem- 
bled state of said device, Is located in the respective 
circular grooves of said housing halves, between 

30 which halves said diaphragm is sealingly clampable. 
said diaphragm body having a substantially dish-like, 
bi-stable shape invertible from the first stable state. In 
which a first body surface is convex and snugly lies 
against the concave portion of one housing half, to the 

35 second stable state, in which said first body surface 
is rendered concave and said second surface, con- 
vex, snugly lying again the concave portion of the 
other housing half, said diaphragm further comprising 
at least one substantially rigid, elongated arm fixedly 

40 embedded in said diaphragm to a depth exceeding 
the radial width of said beaded rim, the free portion of 
which ami projects outwardly beyond said beaded 
rim, and actuator means adapted to apply a force to 
the projecting portion of said at least one aim, 

45 whereby at least a portion of said bi-stable diaphragm 
Is inverted from said first state towards said second 
state. 

The Invention will now be described in connection 
with certain preferred embodiments with reference to 
so the following illustrative figures so that It may be more 
fully understood. 

With specific reference now to the figures in 
detail, it is stressed that the particulars shown are by 
way of example and for purposes of illustrative dis- 
ss cussion of the preferred embodiments of the present 
invention only and are presented In the cause of pro- 
viding what is believed to be the most useful and rea- 
dily understood description of the principles and 
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conceptual aspects of the invention. 

In this regard, no attempt Is made to show struc- 
tural details of the invention in more detail than is 
necessary for a fundamental understanding of the 
invention, the description taken with the drawings 5 
making apparent to those skilled in the art how the 
several forms of the invention may be embodied in 
practice. 

In the drawings : 

Fig. 1 is a cross-sectional view of a first embodi- 1 o 
ment of the diaphragm according to the Invention; 
Fig. 2 is a front view of the diaphragm of Fig. 1 ; 
Fig. 3 shows a cross-sectional view of a first 
embodiment of a diaphragm device according to 
the Invention ; 15 
Fig. 4 represents a housing half as seen from the 
side of its concavity ; 

Fig. 5 Is a view, In cross section along plane V-V, 
of the housing half of Fig. 4 ; 

Fig. 6 Is a view of the pump as assembled, show- 20 
ing the parts and passageways in dashed lines ; 
Fig. 7 is a perspective view, In partial cross sec- 
tion, of the first embodiment of the diaphragm 
device according to the invention ; 
Figs. 8a-8g schematically illustrate the sequence 25 
of inversion stages of the diaphragm and the con- 
sequent pumping action ; 
Fig. 9 represents a second embodiment of the 
diaphragm according to the Invention, having a 
plurality of arms ; 30 
Fig. 10 is a cross-sectional view of an embodi- 
ment of the device incorporating the diaphragm of 
Fig 9. 

Fig. 1 1 is a housing half of a fluid embodiment of 
the device according to the invention, seen from 35 
the side of its concavity ; 
Figs. 12a-1 2c illustrate three different positions of 
the diaphragm of the embodiment of Fig. 11, in 
cross section along plane XII-XII of Fig. 11, 
Fig. 13 represents a housing half of a fourth 40 
embodiment of the device according to the inven- 
tion, seen from the side of its concavity ; 
Fig. 14 is a view, in cross section along plane XIV- 
XIV of the housing half of Fig. 13 ; 
Fig. 15 is a cross-sectional view of a fifth embo- 45 
diment of the device according to the Invention ; 
Fig. 16 shows a first housing half of a fifth embo- 
diment of the Invention, seen from the side of its 
concavity, 

Fig. 1 7 represents the second housing half of this so 
embodiment, and 

Fig. 18 is a cross-sectional view of this embodi- 
ment of the device. 

Referring now to the drawings, there is seen in 
Figs. 1 and 2 a diaphragm 2 comprised of a flexible, 55 
substantially no n-stre tenable diaphragm body 4 of a 
circular outline surrounded and delimited by a beaded 
rim 6. The diaphragm body 4 consists of a central, 



relatively thin, springfly resilient layer 8 made of such 
materials as spring steel or beryllium bronze, covered 
on both sides by a layer 10, 12 of a relatively pliable 
and soft material such as rubber or a flexible plastic. 
The diaphragm body 4 has a dish-like, bl-stable shape 
Invertible from the state shown in Fig. 1, in which the 
body surface on the right is convex and the body sur- 
face on the left, concave, to a second stable state, in 
which, due to inversion, the surface on the right Is ren- 
dered concave and the surface on the left, convex. 

There are further seen two elongated, diametri- 
cally opposite arms 14, 16 made of a rigid material 
such as steel and. as Is clearly seen, particularly in 
Fig. 2, partly embedded In the diaphragm body 4 and 
partly projecting beyond the rim 6. As will be exp- 
lained In conjunction with the diaphragm-actuated 
devices represented in Figs. 3-18, these ams serve to 
effect total or partial inversion of the bi-stable diap- 
hragm 2, and the dash-dotted lines X 1f X 2 denote the 
respective axes about which the arms 14 and 16 are 
tilted to produce the desired inversion. 

Figs. 3 to 8 represent a first embodiment of a diap- 
hragm-actuated device according to the invention, 
being a diaphragm pump. 

There is seen in Fig. 3 a split housing consisting 
of two identical housing halves 18, 18' between which 
Is clamped the diaphragm 2 of Fig. 1. Each housing 
half Is provided with a tube connector 20 (20/), to 
which is connectable a length of tubing 22 (22'), one 
serving as suction line, the other as output line. It is 
further seen that each housing half is provided with a 
central, concave portion 24 (24') which, In conjunction 
with the diaphragm surface facing it defines an action 
space A (A') (A' being formed when, as will be exp- 
lained further below in conjunction with Figs. 8a-8g, 
the diaphragm 2 of Fig. 3 is flipped over to Its second 
stable state). Also seen are inlet ports 26, 26' and out- 
let ports 28, 28', the locations and configurations of 
which are seen to better advantage in the front view 
of Fig. 4. 

Fig. 4, a frontal view of housing half 1 8 shows the 
central, concave housing portion 24 as delimited by a 
circular groove 30, advantageously of a rectangular 
cross section, which, in the assembled state of the 
device, sealingly accommodates the beaded rim 6 of 
the diaphragm 2. Starting from the outer edge of the 
groove 30, there extends a plane, marginal housing 
portion that constitutes the parting plane along which 
the split housing Is divided. Two diametrically oppo- 
site notch-like cuts 32. the purpose of which will 
become apparent further below, subdivide the margi- 
nal housing portion into two subportions 34, 36. 

As can be seen, the inlet and outlet ports 26 and 
28 are located diametrically opposite in the peripheral 
zone of the concave portion 24 and have the shape 
of at least partly arcuate grooves. At the end of its 
arcuate portion, the Inlet port continues In the form of 
a straight groove 38 and crosses the circular groove 
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30 into the marginal subportion 34, leading into the 
bore 40 of the inlet tube connector 20. The depth of 
the straight groove 38 is greater than that of the cir- 
cular groove 30, so that when, in assembly, the 
beaded rim 6 is sealed in the circular groove 30, liquid 
can pass below the rim 6 into the inlet port 26. 

The outlet port 28 is of a similar design, except 
that its straight groove 42 leads into the marginal sub- 
portion 38 and continues as an arcuate groove 44 
extending some distance across the horizontal center 
line of the housing half 18. 

The cross-sectional view of Fig. 5 clearly illus- 
trates the "underpass 0 arrangement of the straight 
grooves 42 and 38. 

Fig. 6 shows the device in the assembled state, 
with the diaphragm inserted and clamped between 
the housing halves 18 and 18% Forsake of clarity, no 
clamping means such as screws and nuts have been 
shown. The purpose of the notch-like cuts 32 
becomes immediately dear : they provide room for 
the arms 14, 16 to tilt, as mentioned in conjunction 
with Fig. 2. 

Particular attention should be paid to some 
aspects of the ducting (details of which will be exp- 
lained in conjunction with the schematic drawings of 
Fig. 3) : while in Fig. 6 the congruent parts 26, 28' 
appear to be superposed, they are in fact separated 
by the diaphragm 2. The same is also true of ports 28, 
26' (see also Rg. 3). The arcuate portions 44 and 44\ 
on the other hand, overlap for a certain length (see 
Fig. 6), and, along this overlap, indeed communicate 
with one another. Port 28 thus communicates with 
port 28' according to the following sequence : 28 -> 
42 -* 44 -> 44' 42* -j> 28'. 

Fig. 7 is a perspective view, In partial cross sec- 
tion, of the embodiment of Fig. 3. The overlap connec- 
tion between portions 44 and 44' is clearly seen. 

The operational principle and sequence is exp- 
lained in the schematical drawings of Figs. 8a-8g. 

As already mentioned, inversion of the diaphragm 
2, part or total, Is effected by manipulating the arms 
14, 16, more particularly by selectively tilting them 
about the axes X 1t X 2 (see Fig. 2). This is done with 
the aid of actuators 46, 48 (Figs. 8a-8g) which can be 
any device producing a controllable motion, advan- 
tageously, but not necessarily, linear. Such devices 
include, e.g., solenoids having a plunger pulled into 
the solenoid body when the solenoid is under current, 
and returning to its position of rest by spring force, 
when the current is cut off. Another suitable actuator 
device would be a linear stepping motor. While the lat- 
ter is more expensive, Its action Is less sudden and, 
therefore, smoother. One member, preferably the 
body of whatever actuator is used, is hinged to an ele- 
ment stationary relative to the housing of the device 
according to the invention, and the other, moving, 
member of the actuator is articulated to the arm of the 
device. 



It should be noted that the external, S-like duct 
connecting the ports 28 and 28' represents the above 
mentioned internal connection 28 -+ 42 44 44' 
-»42'-»28' in Fig. 6. 
5 Figs. 8a to 8c explain the "priming" stage of the 

device, while Figs. 8d to 8g illustrate the pumping 
stages proper. During continuous pumping, the stage 
of Fig. 8g is followed by the stage shown in Fig. 8d. 

In Fig. 8a the pump Is completely empty, the dlap- 
10 hragm 2 clings to the concavity of the left housing half 
18 and the actuator rods 50, 52 are both in the "out" 
position. Action space A' is still full of air. 

In Fig. 8b, the rod 52 of actuator 48 has moved to 
the °in° position, tilting the lower arm 16 to the left, 
1 s which causes half the diaphragm 2 to be flipped to the 
right, opening the inlet port 26, closing the Inlet port 
28' and Initiating the formation of action space A, 
which obviously results in fluid being drawn in through 
the connector 20 and the open inlet port 26. The air 
20 displaced from space A' exits through the still open 
outlet port 26' and the connector 20'. 

In the stage represented In Fig. 8c, the rod 50 of 
the actuator 46 has also moved to the "in" position, tilt- 
ing aim 14 to the left, which causes inversion of the 
25 diaphragm to be completed and the action space A to 
be completely filled. Outlet port 28 Is now open as 
well, while outlet port 26' and inlet port 28' are closed 
by the diaphragm. 

In Rg. 8d the lower actuator rod 52 has moved to 
30 the "out" position, tilting arm 16 to the right, which 
causes half the diaphragm to be flipped to the left. 
This results in the space A being progressively 
reduced and a space A' being progressively created. 
As ports 28 and 28' are now open, the fluid from the 
36 shrinking space A is peristaltically displaced through 
port 28 Into the passageway 28 -» 28' and fills the 
expanding space A'. 

In Fig. 8e, actuator rod 50 having moved to the 
°ouf position, diaphragm inversion Is completed and 
40 action space A' is completely filled. Ports 28, 26 are 
closed by the diaphragm, ports 26', 28' are open. 

Fig. 8f illustrates the "delivery" stage. Actuator 
rod 52 has returned to the "in" position, flipping half 
the diaphragm to the right, thereby reducing space A' 
45 and peristaltically expelling the displaced fluid 
through port 26' and connector 20'. At the same time, 
space A is expanded, drawing in fluid through the suc- 
tion or inlet port 26, now open. 

In the stage represented by Fig. 8g, the actuator 
50 rod 50 has moved to the °in° position, causing diap- 
hragm inversion to be completed, with ports 28 and 26 
open, and ports 26' and 28' closed. The situation is 
now as in Fig. 8c. except that now the entire system 
is fluid-filled. The next stage would correspond to the 
55 stage depicted in Fig. 8d, the pumping cyde compris- 
ing stages 8g 8d 8e 8f 8g, etc. 

The device discussed in the aforegoing and illus- 
trated in Fig. 1 to 8 is inexpensive, consisting as it 
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does of three major parts only, namely diaphragm 2 
and two housing halves 18, 18', of which the latter are 
identical and can be made as plastic moldings. This 
makes the device particularly useful for one-time use, 
such as an Infusion pump, where tubing 22 (Fig. 3) s 
would lead to the dripping chamber of the infusion set, 
and tubing 22*, to the intravenous hypodermic needle. 
After use, the pump would be discarded, only the 
actuators 46, 48 being retained for use with further 
pumps. With less critical applications and less strin- 10 
gent sterility requirements, the pump is easily disman- 
tled for cleaning. 

Another embodiment of the diaphragm according 
to the invention is shown In Fig. 9. As can be seen, the 
diaphragm 2, otherwise similar to that shown In Fig. 1 is 
and 2, Is provided with a larger number of arms, sym- 
metrically arranged along the periphery of the diap- 
hragm, each arm being provided with its own actuator 
(not shown). Inversion of the diaphragm 2 follows the 
scheme of Fig. 8a-8g, except that It is more gradual, 20 
making pumping action much smoother. Setting out 
from the state shown in Fig. 8a, the first arm to be flip- 
ped over is arm 66 (Fig. 9). This is followed by simul- 
taneously flipping over arms 68, 64, then 70, 62 ; 72, 
60 ; 74, 58 ; 76, 56 and, finally, 54. Re-inversion fol- 25 
lows the reverse sequence, starting from arm 54. 

A pump using the diaphragm 2 of Fig. 9 is seen 
in Fig. 10. Because of the large number of arms, inter- 
nal ducting, as was the case in the embodiment of Fig. 
3-7 is no longer feasible. The present embodiment 30 
has therefore four separate tube connectors, 20, 21' 
for the inlet ports 26, 28', and 20', 21 for the outlet 
ports 26', 28. These ports, via their respective tube 
connectors, can be connected In various ways, one 
being Indicated by the dash-dotted line, which stands 35 
for a piece of tubing connecting the outlet port 28 with 
the inlet port 28'. This is in fact the externalized duct- 
ing scheme of Fig. 4 and 6, as represented In the 
schematic drawings of Figs. 8a-8g. However, other 
connecting schemes are also possible, such as two 40 
separate suction lines leading to the tube connectors 
20 and 21 ', and two output lines connected to the con- 
nectors 20* and 21. In this manner, the present embo- 
diment can serve, e.g., for the continuous mixing, at 
a precise ratio of 1 : 1, of two different liquids. 45 

The arms 54-76, suitably modified, could also be 
actuated with the aid of a system of rotating face or 
other cams which manipulate the arms in the required 
sequence. 

The embodiment represented In Figs. 11 and so 
12a-12c is a multi-way stop-cock valve and uses the 
diaphragm 2 of Fig. 2. The split housing of this embo- 
diment consists of two different halves 78, 80, of 
which the latter is shown In Fig. 11. 

There is seen the concave portion 24, the groove 55 
30 which accommodates half the beaded rim 6 of the 
diaphragm 2 (the other half being located in the 
groove 30 of the other housing half. 78). the plane, 



marginal portions 34 and 36, separated by the notch- 
like cuts 32, in which is indicated the position of the 
arms 14 and 16. There is further seen an inlet port 82 
located close to the periphery of the concave portion 
24, which port 82 Is adapted to communicate with an 
inlet line via a tube connector 84. Into the inlet port 82 
lead two arcuate grooves 86, 86' which end at points 
close to, but do not actually reach, outlet ports 88, 88'. 
These outlet ports lead via tube connectors 90, 90' to 
output lines (not shown). 

The other housing half, 78, has no function except 
to be the other halfs partner In clamping the diap- 
hragm 2 between them. To keep pressure In the 
space between its concave portion 24' and the diap- 
hragm 2 atmospheric, several small venting holes 91 
are provided. As was the case with previous embodi- 
ments, the electromechanical actuators adapted to 
act on the arms 14 and 16 are not shown. 

Fig. 12a shows the valve in the closed position. 
As the diaphragm 2 closes both outlet ports, 88 and 
88', fluid from the inlet line which enters, and fills, the 
grooves 86, 86', also when the diaphragm is in the 
fully stable state as In Fig. 12a, cannot cross the gaps 
a between the ends of the grooves 88, 86' and the out- 
let ports 88, 88', because these gaps are fully covered 
by the diaphragm 2. In this position, the arms 14, 16 
are both slanted towards the left 

In Fig. 12b, the arm 14, previously slanting, has 
been not flipped to the other side, but merely 
straightened. As a consequence, a small portion of 
the diaphragm 2 is detached from the concavity 24 of 
housing half 80, producing a limited space 92 which 
includes the gap a between the end of groove 86 and 
the outlet port 88 that. In the state shown in Fig. 12a, 
was covered by the diaphragm 2. As a result of this 
slight detachment, fluid can now pass from the groove 
86 (which, as will be remembered is always fluid-filled 
as long as the inlet connector 84 Is connected to a 
source of pressurized fluid) into the outlet port 88 and 
thence through the tube connector 90, now in the 
"ON" state. 

Although not specifically shown, an analogous 
state Is achieved when. Instead of arm 14, arm 16 Is 
"half-flipped 0 , obviously resulting in a connection bet- 
ween the inlet connector 84 and the lower outlet tube 
connector 90'. 

In Fig. 12c, both arms, 14 and 16, have been 
"half-flipped 0 , as a result of which both outlet tube con- 
nectors, 90 and 90', are now In the °ON" state. 

Figs. 13 and 14 Illustrate another application of 
the diaphragm according to the invention, a control 
valve, permitting a practically continuous range of out- 
puts from zero to a maximum for a given input 

The diaphragm 2 used Is similar to that of Fig. 9, 
except that the arms 94-1 08 are not spaced at uniform 
Invervals, and at least two arms, 94 and 1 08, are wider 
than the others. In Fig. 13, which illustrates the active 
housing half 80. the diaphragm arms 94-108 are Indt- 
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cated by dash-dotted lines. The other housing half, 
78, Is identical to, and serves the same purpose as, 
that of the previous embodiment (Figs. 13a-13c), 
except the the number of notch-like cuts 32 is greater. 

Fig. 13 shows the housing half 80 as seen from 
the side of its concavity 24. There is provided a rela- 
tively large inlet port 110 and a number n of progres- 
sively smaller outlet ports-1 12-124. The 
cross-sectional area S of each outlet port is defined by 
the expression S m = 2 m ~ 1 v where m is the ordinal num- 
ber of the outlet port, starting from the smallest port. 
The cross-sectional area S of the inlet port is obvi- 
ously at least the sum of the respective cross-sec- 
tional areas of the outlet ports : 



By suitable combinations of active outlet ports, a 
practically continuous range of outputs from zero to 
100% of the input is attainable. 

With the inlet port 110 opened by flipping its arm 
94, the required outlet port or combination of outlet 
ports are activated by flipping their respective arms, 
which, by detaching, starting from these ports, a rela- 
tively narrow, well-defined strip-like section of the 
diaphragm 2, permit these ports to communicate with 
the inlet port 1 1 0, the diaphragm portion around which 
has also been detached from the concavity 24 by flip- 
ping over its arm 94. 

Fig. 14 shows the valve In cross section. The inlet 
port 1 1 0 is associated with an inlet tube connector 126 
and each of the outlet ports is associated with a sepa- 
rate outlet tube connector. The port-connector pairs 
are thus 124-128; 122-130; 120-132; 118-134; 
116-136 ; 114-138, and 112-140. The last two con- 
nectors are not shown, as they are located in the cut- 
away part of Fig. 14. Connectors 128 to 140 are 
separately connected to a manifold (not shown), from 
which emerges a single output line. 

Rg. 15 represents another device, in which the 
diaphragm according to the invention is used as a 
flowmeter of the positive-displacement type. The 
diaphragm 2 is similar to that shown in Fig. 2, except 
that it has only one arm, 16, and that it incorporates a 
ferromagnetic body 142 embedded in the diaphragm 
2, the purpose of which body will become apparent 
further below. There are provided two identical hous- 
ing halves 144, 144', each with inlet ports 146, 146', 
associated with inlet tube connectors 148, 148', and 
outlet ports 150, 150% associated with outlet tube con- 
nectors 152, 152'. The two tube lengths (not shown) 
attached to the Inlet connectors 146, 148' join up to 
form a single inlet or suction line, and the two tube 
lengths (also not shown) attached to the outlet con- 
nectors 152, 152* Join up to form a single outlet or dell- 



very line. 

Embedded in, or closely attached to, the housing 
halves 144, 144', there are provided Induction coils 
154, 154' at such a location that, with the diaphragm 

5 fully inverted, one of these coils is in close proximity 
to the ferromagnetic body 142. This proximity affects 
the inductance of whatever coB the body 142 is close 
to at any particular instance, thereby producing a sig- 
nal indicating that the diaphragm has in fact corn- 
to pleted an Inversion as caused by the 
actuator-produced flipping-over of the arm 16. As the 
volumes of the action space A' (and, after inversion, 
A) are constant and known, and as each completed 
diaphragm Inversion causes displacement of the fluid 

is filling A* (or A), counting inversions is in fact equival- 
ent to measuring flow. 

In operation, the flowmeter Is "primed" by once 
energizing the actuator (not shown) that flips the arm 
1 6 from position a to position b. This will peristalticaily 

20 empty space A' through port 1 50', starting from below, 
and draw in fluid through port 1 46. As soon as this first 
inversion is completed and, at the same time, the now 
created action space A filled, a signal is produced by 
coil 154' which, via a feedback circuit, activates the 

25 actuator which returns the arms 1 6 from position a to 
position b, initiating the peristaltic displacement of the 
fluid from space A, ending, upon complete inversion, 
with coil 154 producing a signal that initiates the next 
flip-over, and so on. The flow rate is thus the number 

30 of diaphragm inversions per unit time times the 
volume of the action space A (or A'). 

Figs. 16 to 18 represent a proportioning valve for 
two fluids A and B differing either in temperature or in 
composition, or In both. 

35 The diaphragm used is of the multi-arm type as in 

Fig. 9, except that the arms are concentrated in two 
diametrically opposite quadrants. The two housing 
halves 156, 156' are identical, but mutually angularly 
offset by 180°. There is seen an inlet port 158, an inlet 

40 tube connector 160, an outlet port 162 and an outlet 
tube connector 164 all for fluid A, an inlet port 158', 
an Inlet tube connector 160', an outlet port 162' and 
an outlet tube connector 1 64', all for fluid B. (Port 1 62 
and connector 164 cannot be seen in Fig. 18, as they 

45 are located in the cut-away portion ; for better under- 
standing, connector 164 is Indicated by dash-dotted 
lines). 

There are also seen two lobe-like recesses 166, 
166' In the respective housing halves 156 and 156' 

50 which have a narrow beginning close to the respective 
inlet ports 158, 158' and become progressively wider 
as they approach, and eventually lead into, the outlet 
ports 162, 162'. 

In Fig. 18, arm 14 is seen in the "a" position, and 

55 arm 16, in the °b n position. In the ensuing state of the 
diaphragm 2, the flow of both fluids is cut off, as the 
diaphragm obturates both inlet ports, 156 and 158'. 
To permit flow of both fluids, arm 14 must be flipped 
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to the "b" position, and arm 16, to the "a" position. By 
manipulating arms 168 to 186 ("ghosted in° partly in 
Fig. 16, partly in Fig. 17), and thus, the diaphragm, it 
is possible to, say, obturate part of the lobe-like 
recess 166 which controls the flow of fluid A while at 5 
the same time expose part of recess 166', which con- 
trols the flow of fluid B, it being obvious that the flow 
of each fluid is determined by what happens In each 
case to be the greatest width of the exposed portion 
of the respective lobe-like recess. 10 

In studying Figs. 16 and 17, it should be noted that 
these views were obtained by opening the assembled 
housing halves 156, 156' like an oyster, housing 156 
to the left, and housing half 156' to the right In the 
assembled state of these halves the groups of arms 15 
16, 168-176, and 14, 178-186 will assume their 
above-mentioned position along two diametrically 
opposite quadrants. 

If the purpose of the device is to produce a mixt- 
ure of two fluids at a constant mixing ratio, the outputs 20 
of the two outlet tube connectors 164, 164' are joined, 
as would be the case in, e.g., a hot-and-cold water 
mixing battery. 



Claims 

1. A diaphragm for a diaphragm-actuated fluid- 
transfer control device, comprising : 

a flexible, substantially no n-stre tenable diaphragm 30 
body (4) of a substantially circular outline surrounded 
and delimited by a beaded rim (6), said body having 
a substantially dish-like, bi-stable shape invertible 
from the first stable state, in which a first body surface 
is convex and a second body surface, concave, to the 35 
second stable state, in which said first body surface 
is rendered concave and said second body surface, 
convex, characterized in that at feast one substan- 
tially rigid, elongated arm (14) Is fixedly embedded In 
said diaphragm to a depth exceeding the radial width 40 
of said beaded rim (6), the free end of which arm pro- 
jects beyond said beaded rim. 

2. The diaphragm as claimed In claim 1, wherein 
said diaphragm body (4) Is comprised of a central, 
relatively thin, springfly resDIent layer (8) covered on 46 
both its surfaces by a layer (10, 12) of a relatively pli- 
able and soft material. 

3. The diaphragm as claimed In claim 1 , compris- 
ing a pair of two of said arms (14, 16), located in 
diametrical opposition. so 

4. The diaphragm as claimed in claim 1, compris- 
ing a plurality of said arms (54-76) which plurality is 
greater than two. 

5. The diaphragm as claimed in claim 1, wherein 

at least one ferromagnetic body (142) is embedded in ss 
said diaphragm, being the moving member of a prox- 
imity sensor. 

6. A diaphragm-actuated fluid transfer control 



device using a diaphragm as claimed In claim 1, com- 
prising : 

a split housing (18, 18'), each housing half comprising 
a concave portion (24, 24') against which altematingly 
comes to rest a body surface of said bi-stable diap- 
hragm (2) In a stable state thereof, each of said con- 
cave portions being delimited by a substantially 
circular groove (30) in which, in the assembled 
device, is located, and between which is clamped, 
said beaded rim (6) of said diaphragm, a substantially 
plane marginal portion along which said housing (18, 
1 8') is split, at least one inlet-port means (26, 26') and 
one outlet-port means (28, 28') opening into the con- 
cave portion of at least one of said housing halves (18, 
18') and leading via tube connectors (20, 20') to the 
outside of said device, and 

actuator means (46, 48) adapted to apply a force to 
the projecting portion of said at least one arm of said 
diaphragm, whereby at least a portion of said bi-stable 
diaphragm (2) is inverted from said first state towards 
said second state. 

7. The device as claimed in claim 6, wherein said 
marginal portion is subdivided by at least two notch- 
like cuts (32) Into at least two subportions. 

8. The device as claimed in claim 6, wherein said 
inlet and outlet port means (26, 26' ; 28, 28') are pro- 
vided In the peripheral zones of said concave portions 
(24, 24') of said housing halves, the inlet port means 
of one housing half being adapted to communicate 
with the suction line of said device, the outlet port 
means of said one housing half being adapted to com- 
municate with the inlet port means of the other hous- 
ing half, and the outlet port means of said other 
housing half being adapted to communicate with the 
output line of said device. 

9. The device as claimed in claim 6, wherein at 
least one of said housing halves has one inlet port 
means (82) and at least two outlet port means (88, 
88'). 

1 0. The device as claimed in claim 9, wherein said 
at least one housing half has more than two outlet 
ports means (110-124), the cross-sectional area of 
which increases from port to port 

11. The device as claimed in claim 6, wherein at 
least one of said housing halves is provided with a 
lobe-like recess (166, 166') in the region of its con- 
cave portion, leading from said outlet port means 
(162, 162*) to a point close to said Inlet port means 
(158, 158'), said lobe-like recess being at its widest at 
said outlet port means and at its narrowest near said 
Inlet port means. 

12. The device as claimed in claim 6, wherein at 
least one of said housing halves Is provided with a 
least one induction coil (154, 154') embedded in, or 
attached to, said housing half at a point close to said 
concave portion, said coil constituting the stationary 
member of a proximity sensor. 

13. A diaphragm-actuated fluid-transfer control 
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device, whenever using a diaphragm as claimed in 
cJafrn 1. 



Patontenaprucho s 

1. Ein Diaphragms, fur ein durch Diaphragma 
betatigtes FluidQberieitungskontrollgerat bestehend 
aus : 

Elnem fiexiblen, im wesentlichen nicht dehnbaren 10 
Diaphragmak8rper(4), der im wesentiicnen krelsrund 
ausgebildet ist, und der durch einen wulstigen Rand 
(6) umkreist und abgegrenzt ist, wobei dieser Korper 
eine im wesentiicnen teJIerformige, bistabile Form 
besitzt umkehrbar von der ersten stabilen Position, in 16 
der eine erste KfirperflSche konvex und eine zweite 
KorperflSche hohl ist, in die zweite stabile Position, in 
der die erste Korperflache hohl wlrd und die zweite 
Kdrperfliche konvex wird, dadurch gekennzeichnet 
dass wenigstens ein, im wesentlichen staffer l&ng- 20 
licher Arm (14) fest In dem Diaphragma eingebettet 
ist, bis zu einer Tiefe, die grdsser ist als die radiate 
Breite des wulstigen Randes (6), und dass das freie 
Ende dieses Amies aus diesem wulstigen Rande her- 
ausragt 25 

2. Ein Diaphragma gemass Anspruch 1, in dem 
der Dlaphragmakorper (4) aus einer zentralen, relativ 
dQnnen, sprungfederhaft elastischen Schicht (8), 
deren beide Flachen durch eine Schicht (10, 12) aus 
relativ biegsamem und weichem Material bedeckt 30 
sind, besteht 

3. Ein Diaphragma gemass Anspruch 1, das ein 
Paar diametral gegenubertiegende Armen (14, 16) 
besitzt. 

4. Ein Diaphragma gemass Anspruch 1 , das eine 35 
Mehrzahi von Armen (54 bis 76) besitzt, wobei diese 
Mehrzahl grdsser als zwei ist 

5. Ein Diaphragma gemass Anspruch 1, in dem 
wenigstens ein ferromagnetischer Kdrper (142) ein- 
gebettet ist der der bewegliche Tea eines Abstand- 40 
sensors ist. 

6. Ein durch Diaphragma betatigtes Fluiduberlei- 
tungskontroiigerat das ein Diaphragma gemass 
Anspruch 1 benGtzt bestehend aus : 

Einem geteiiten GehSuse (18, 18'), wobei jede 4S 
Gehau8ehalfte einen hohlen Tail (24, 24') besitzt 
gegen den wechselseitig eine KSrperflache des bista- 
bOen Diaphragmas (2) In einer seiner stabilen Positio- 
nen zu liegen kommt, wobei Jedes dieser hohlen Telle 
durch eine, im wesentlichen kreisrunden Rtnne (30) so 
abgegrenzt wlrd, In weicher, im zusammengesetzten 
Gerfit der wulstige Rand (6) des Diaphragmas sich 
befindet und geklemmt ist, einem, im wesentlichen 
flachen Randteli, entiang weichem das GehSuse (18, 
1 8') geteilt ist wenigstens einer Eingangsdfmung (26, 55 
26') und einer Ausgangsdffnung (28, 28') die sich In 
den hohlen Tell wenigstens einer der GehSusehSfften 
(18, 18') erflffinen und die durch Rohrieitungen (20, 



20') ins Aeussere des Gerates fuhren und 
Betatfgungsmittel (46, 48), die dazu angepasst sind, 
auf den herausragendsn Teil wenigstens ernes 
Armes des Diaphragmas eine Kraft anzusetzen, 
womit wenigstens ein Teil des bistabllen Diaphrag- 
mas (2) von der ersten stabilen Position zur zweiten 
Position umgekehrt wlrd. 

7. Ein Gerat gemass Anspruch 6, in dem der 
genannte Randteli durch wenigstens zwel kerbe- 
nahnliche Einschnitte (32) in wenigstens zwei Unter- 
teile unterteilt ist 

8. Ein Gerat gemiss Anspruch 6, in dem die Ein- 
gangsdffhungen und die AusgangsdtTnungen (26, 
26' ; 28, 28') In den Randzonen der hohlen Teile (24, 
24') der GehausehSJften angelegt sind, die Ein- 
gangsdffhungen der einen GehSusehaJfte angepasst 
und urn mit der Ansaugleitung des Gerats verbunden 
zu sein, die Ausgangsdffnungen der genannten 
GehdusehaMfte angepasst sind urn mit den Ein- 
gangsaffhungen der anderen Gehausehaffie verbun- 
den zu sein, und die Ausgangsdffnungen dieser 
anderen Gehausehalfte angepasst sind, urn mit der 
Ausgangsleitung des Gerdts verbunden zu ein. 

9. Ein Gerat gemass Anspruch 6, in dem wenig- 
stens eine derGehSusehaJften eine Elngangsdffnung 
(82) und wenigstens zwei Ausgansoffhungen (88, 
88') besitzt 

10. Ein Gerat gemass Anspruch 9, In dem die 
genannte eine Gehaushaifte mehr als zwei Ausgan- 
soffhungen (110 bis 124) besitzt deren Querschnitt- 
flflche von Ausgangsdffnung zu Ausgangsdffnung 
zunimmt 

11. Ein GerSt gemfiss Anspruch 6, in dem wenig- 
stens eine Gehausehalfte mit einer lappenahnlichen 
Aushdhlung (166, 166') in der Gegend ihres hohlen 
Teils versehen ist die von der AusgangsSffnung (162, 
162') bis zu einem Punkt nahe der Eingangsdfmung 
(158, 158') fQhrt, wobei die lappenShnliche Aushdh- 
lung am breitesten an der Ausgangsdfmung und am 
engsten nahe der Eingangsdfmung ist 

12. Ein GerSt gemdss Anspruch 6, in dem wenig- 
stens eine der Gehausehaiften mit wenigstens einer 
Induktionsspule (154, 154') versehen Ist. die in der 
Gehaushaifte eingebettet Oder an der Gehausehalfte 
angebracht ist, an einer Stelle nahe des hohlen Teils, 
wobei die genannnte Spule der station3re Teil eines 
Abstandsensors ist 

13. Ein, durch ein Diaphragma betatlgtes Fluidfl- 
berteitungskontrollgerdt, sofern es ein Diaphragma 
gemass Anspruch 1 benGtzt 



Revindications 

1. Diaphragme pour un dispositff de contrdie de 
transfert de fiuide actionne par diaphragme, compre- 
nant 

un corps (4) de diaphragme flexible, substantielle- 



8 



15 



EP 0 314 379 B1 



16 



ment non extensible, de pourtour substantiellement 
circulaire, entoure et delimite par un bord renfle (6) f 
ledit corps ayant une forme bistable sustantieilement 
similaire a un plat, fnversible depuls un premier etat 
stable, dans lequel une premiere surface du corps est s 
convexe et une deuxieme surface du corps est 
concave, a un deuxieme etat stable, dans iequel 
ladite premiere surface du corps est rendue concave 
et ladite seconde surface du corps convexe, caracte- 
rtse en ce qu'au mofns un bras allonge (14), substan- 10 
tiellement rigide, est scelle de maniere fixe dans le 
diaphragme Jusqu'a une profondeur depassant la lar- 
geur radiale dudit bord renfle (6), et que I'extremite 
libra de ce bras s'dtend au-dela dudit bord renfle. 

2. Diaphragme selon la revendication 1, dans 15 
lequel le corps de diaphragme (4) comprend une cou- 

che centrale (8), relativement fine, eiastique faisant 
ressort, couverte sur ses deux surfaces par une cou- 
che (10, 12) d'un materiau relativement pliable et 
mou. 20 

3. Diaphragme selon la revendication 1, compre- 
nant une paire de deux bras (14, 16) situes dans des 
positions diametralement opposees. 

4. Diaphragme selon la revendication 1, compre- 
nant une pluralite de bras (54, 56), cette plurality etant 25 
superfeure a Z 

5. Diaphragme selon la revendication 1, dans 
lequel au moins un corps ferromagnetlque (142) est 
scelle dans le diaphragme, constltuant la piece 
mobile d'un capteur de proximite. 30 

6. Dispositif de contrfile de transfert de flulde 
actionne par diaphragme, utilisant un diaphragme 
selon la revendication 1, comprenant : 

un bottler fendu (16, 18') dont chaque moitie de bottler 
comprend une portion concave (24, 24') contre les- 35 
quelles vient s'appuyer en aiternance une surface du 
corps dudit diaphragme bistable (2) dans une de ses 
positions stables, chacune desdites portions conca- 
ves 6tant delimitee par une rainure substantiellement 
circulaire (30) dans laqueile, dans le dlspositif assem- 40 
ble, est place, et entre lesquelles est serre ledit bord 
renfle (6) dudit diaphragme, une portion marginale 
substantiellement plane selon le plan de laqueile le 
bottler (18, 18') est fendu, au moins une ouverture 
d'entree (26, 26') et une ouverture de sortie (28, 28'), 45 
s'ouvrant dans la portion concave d'au moins une 
desdites moities de bonier (18, 18') et condulsant via 
des connexions tubulalres (20, 20/) vers i'extdrieur 
dudit dlspositif, et 

des moyens d'actionnement (46, 48) adaptes pour so 
appliquer une force a la partie d'au moins un bras 
depassant dudit diaphragme, de maniere a ce qu'au 
moins une partie dudit diaphragme (2) bistable est 
inverses de ladite premiere position stable vers ladite 
seconde position. 55 

7. Dlspositif selon la revendication 6, dans lequel 
ladite portion marginale est subdMsee par au moins 
deux entailles (32) en forme d'encoches en au moins 



deux parties. 

8. Dispositif selon la revendication 6, dans iequel 
lesdites ouvertures d'entree et de sortie (26, 26' ; 28, 
28') sont dlsposees dans les zones peripheriques 
desdites portions concaves (24, 24') desdites moities 
de bottier, les ouvertures d'entree de I'une des moittes 
de bottier etant adaptees pour communiquer avec la 
conduite de succion du dispositif, les ouvertures de 
sortie de cette moitie de bottier etant adaptees pour 
communiquer avec les ouvertures d'entree de I'autre 
moitie de bottier. et les ouvertures de sortie de cette 
autre moitie de bottler etant adaptees pour communi- 
quer avec la conduite de sortie du dispositif. 

9. Dlspositif selon la revendication 6, dans lequel 
au moins une des moities de bottier possede une 
ouverture d'entree (82) et au moins deux ouvertures 
de sortie (88, 88'). 

10. Dispositif selon la revendication 9, dans 
lequel ladite moitie de bottier possede plus que deux 
ouvertures de sortie (110-124), la surface de la sec- 
tion de ces ouvertures augmentantd'une ouverture a 
la survante. 

11. Dlspositif selon fa revendication 6, dans 
lequel au moins une desdites moities de bottier est 
munie d'un creux (166, 166') similaire a un lobe dans 
la region de sa portion concave, menant des ouvertu- 
res de sortie (162, 162') jusqu'a un point proche des 
ouvertures d'entree (1 58, 1 58'), ledit creux similaire a 
un lobe etant le plus large auxdites ouvertures de sor- 
tie et le plus 6troit pres desdites ouvertures d'entree. 

12. Dispositif selon la revendication 6, dans 
lequel au moins une desdites moities de bottier est 
munie d'au moins une bobine d'induction (154, 154') 
sceilee dans ou fixee a ladite moitie de bottier en un 
point proche de ladite portion concave, cette bobine 
constituent la piece stationnaire d'un capteur de 
proximite. 

13. Dispositif de contrGIe de transfert de fluide 
actionne par un diaphragme utilisant un diaphragme 
tel que revendique dans la revendication 1. 
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